The host defense response critically depends on the production of leukocytes by the marrow and the controlled delivery of these cells to relevant sites of inflammation/infection. The cytokine granulocyte-colony stimulating factor (G-CSF) is commonly used therapeutically to augment neutrophil recovery following chemo/ radiation therapy for malignancy, thereby decreasing infection risk. Although best known as a potent inducer of myelopoiesis, we previously reported that G-CSF also promotes the delivery of leukocytes to sites of inflammation by stimulating expression of potent E-selectin ligands, including an uncharacterized ∼65-kDa glycoprotein. To identify this ligand, we performed integrated biochemical analysis and mass spectrometry studies of G-CSF-treated primary human myeloid cells. Our studies show that this novel E-selectin ligand is a glycoform of the heavy chain component of the enzyme myeloperoxidase (MPO), a well-known lysosomal peroxidase. This specialized MPO glycovariant, referred to as "MPO-Eselectin ligand" (MPO-EL), is expressed on circulating G-CSF-mobilized leukocytes and is naturally expressed on blood myeloid cells in patients with febrile leukocytosis. In vitro biochemical studies show that G-CSF programs MPO-EL expression on human blood leukocytes and marrow myeloid cells via induction of N-linked sialofucosylations on MPO, with concomitant cell surface display of the molecule. MPO-EL is catalytically active and mediates angiotoxicity on human endothelial cells that express E-selectin. These findings thus define a G-CSF effect on MPO chemical biology that endows unsuspected functional versatility upon this enzyme, unveiling new perspectives on the biology of G-CSF and MPO, and on the role of E-selectin receptor/ligand interactions in leukocyte migration and vascular pathology.
The host defense response critically depends on the production of leukocytes by the marrow and the controlled delivery of these cells to relevant sites of inflammation/infection. The cytokine granulocyte-colony stimulating factor (G-CSF) is commonly used therapeutically to augment neutrophil recovery following chemo/ radiation therapy for malignancy, thereby decreasing infection risk. Although best known as a potent inducer of myelopoiesis, we previously reported that G-CSF also promotes the delivery of leukocytes to sites of inflammation by stimulating expression of potent E-selectin ligands, including an uncharacterized ∼65-kDa glycoprotein. To identify this ligand, we performed integrated biochemical analysis and mass spectrometry studies of G-CSF-treated primary human myeloid cells. Our studies show that this novel E-selectin ligand is a glycoform of the heavy chain component of the enzyme myeloperoxidase (MPO), a well-known lysosomal peroxidase. This specialized MPO glycovariant, referred to as "MPO-Eselectin ligand" (MPO-EL), is expressed on circulating G-CSF-mobilized leukocytes and is naturally expressed on blood myeloid cells in patients with febrile leukocytosis. In vitro biochemical studies show that G-CSF programs MPO-EL expression on human blood leukocytes and marrow myeloid cells via induction of N-linked sialofucosylations on MPO, with concomitant cell surface display of the molecule. MPO-EL is catalytically active and mediates angiotoxicity on human endothelial cells that express E-selectin. These findings thus define a G-CSF effect on MPO chemical biology that endows unsuspected functional versatility upon this enzyme, unveiling new perspectives on the biology of G-CSF and MPO, and on the role of E-selectin receptor/ligand interactions in leukocyte migration and vascular pathology.
glycosylation | leukemia | hematopoietic stem cell transplantation G ranulocyte-colony stimulating factor (G-CSF) serves a critical role in native immunity by directing elaboration of myeloid cells and their cytocidal arsenal (1) , and the characteristic leukocytosis (the "leukemoid reaction") of inflammatory reactions is fueled by physiologic up-regulation of G-CSF (2) . Binding of G-CSF to its receptor on early hematopoietic progenitors and on intermediate-stage myeloid progenitors activates proliferation pathways, resulting in programmed expansion and release ("mobilization") of progenitors and mature myeloid cells into the peripheral circulation (2) . This cytokine is in routine clinical use, administered to stimulate myelopoiesis after chemo-or radiotherapy, to treat cyclic neutropenia, and to mobilize progenitor cells for hematopoietic stem cell transplantation (HSCT) (3) .
Leukocyte production stimulated by G-CSF is not sufficient to mediate host defense, as it is essential to deliver the leukocyte cytocidal arsenal at pertinent sites of inflammation. Leukocyte recruitment begins with tethering and rolling of blood-borne cells on the endothelial lining under hemodynamic shear conditions, followed by activation of integrins and firm adhesion to the vessel wall, culminating in transendothelial migration (4) . The initial shear-resistant adherence of leukocytes to the endothelial surface is principally mediated by selectin receptor/ligand interactions (4). The selectin family consists of "leukocyte-specific" L-selectin and "vascular selectins" P-and E-selectin, each of which binds to specialized carbohydrate determinants containing an α2,3-linked sialic acid substitution on galactose, and an α1,3-linked fucose modification on N-acetylglucosamine, prototypically displayed as sialyl Lewis x (sLex), a tetrasaccharide recognized by monoclonal antibody, clone HECA-452 (4). Various glycoproteins that display sLex have been described as Eselectin ligands in mouse and human leukocytes. The principal E-selectin ligand on human and mouse myeloid cells is the molecule known as cutaneous lymphocyte antigen (CLA), a heavily sialofucosylated glycoform of P-selectin glycoprotein ligand-1 (PSGL-1) (5, 6). A molecule known as E-selectin ligand-1 (ESL-1) serves as an E-selectin ligand on mouse neutrophils (7), but it is not expressed on human neutrophils nor on human hematopoietic stem and progenitor cells (HSPCs) (8) . Biochemical assays have indicated that the leukocyte β 2 integrins LFA-1 (lymphocyte function-associated antigen 1 or CD11a/ CD18) and MAC-1 (macrophage-1 antigen or CD11b/CD18) can serve as E-selectin ligands on human leukocytes (9) . CD43 has also been implicated to be an E-selectin ligand on mouse neutrophils and activated T cells (10), and we have reported that CD43 on human T cells can bind E-selectin, but not P-selectin (11) . On human hematopoietic cells, two glycoproteins function as major counter receptors for E-selectin: the CLA molecule (5, 6) and a glycoform of CD44 known as hematopoietic cell E-/L-selectin ligand (HCELL) (6, 12) . Studies from our laboratory have shown that following clinical G-CSF administration to mobilize hematopoietic progenitors for HSCT, circulating Significance Leukocyte migration to sites of inflammation involves "braking" and attachment of blood-borne leukocytes onto target endothelium (vessel surfaces), a process mediated principally by the endothelial molecule E-selectin binding to leukocyte E-selectin ligands. We report here that the cytokine granulocyte-colony stimulating factor (G-CSF) induces expression of a novel E-selectin ligand on human leukocytes, a glycovariant of the enzyme myeloperoxidase (MPO), which we call "MPO-E-selectin ligand" (MPO-EL). MPO is normally found in lysosomes, but G-CSF triggers both MPO-EL production and its presentation on the leukocyte surface. MPO-EL is catalytically active. The production of toxic oxidizing agents by MPO-EL in apposition to E-selectinbearing endothelium kills the cell. This previously unrecognized function of G-CSF and MPO raises additional insights into the biology of vascular injury during inflammatory reactions.
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This article is a PNAS Direct Submission. myeloid cells exhibit increased adherence to TNF-stimulated vascular endothelium compared with native leukocytes (NLs). Biochemical analysis showed that this augmented endothelial adherence of G-CSF-mobilized human leukocytes (MLs) was due to increased E-selectin ligand activity, in part mediated by expression of a novel E-selectin ligand, a membrane glycoprotein with a molecular weight of ∼65 kDa (12) .
To identify this previously uncharacterized E-selectin ligand, we used lectin affinity chromatography, combined with mass spectrometry peptide fingerprinting and Western blot analysis. Our studies show that this G-CSF-induced glycoprotein is a unique glycoform of myeloperoxidase (MPO), designated here as "MPO-E-selectin ligand" (MPO-EL), which contains E-selectin binding determinants on the ∼65-kDa heavy chain. Although MPO is usually expressed within the lysosome (azurophilic granules), our data show that G-CSF induces cell membrane expression of MPO concomitant with the elaboration of a glycovariant of the heavy chain, carrying specialized N-linked sialofucosylated determinants. MPO-EL is catalytically active and coincubation of MPO-EL-bearing myeloid cells with E-selectin-bearing endothelial cells engenders angiotoxicity. Our findings thus highlight the capacity of posttranslational carbohydrate modifications to shape protein function, revealing previously unrecognized versatility of MPO biology tuned by G-CSF that could incite vascular injury in vivo.
Results
Physiologic Expression of the Novel E-Selectin Ligand on Circulating Myeloid Cells. Our prior studies showed that pharmacologic doses of G-CSF induce expression of the uncharacterized ∼65 kDa ligand on circulating human myeloid cells. To determine whether expression of this novel E-selectin ligand on circulating human myeloid cells is a general effect of G-CSF stimulation (i.e., not solely consequent to pharmacologic G-CSF use), we analyzed E-selectin ligands displayed on circulating leukocytes of patients presenting to hospital with fever and leukocytosis (leukocyte counts >10 × 10 6 /mL; febrile leukocytosis, FL). To this end, Western blot analysis using E-selectin-Ig chimera (E-Ig) as probe was performed on lysates from human peripheral blood leukocytes mobilized with G-CSF (MLs), from blood leukocytes of healthy subjects (NLs) and from FL. In each group, over 14 separate samples were analyzed, with consistent results among all samples. The loaded material was normalized among samples depending on the cell number (Fig.1A ) or protein quantity (Fig.  S1 ). As shown by E-Ig reactivity on Western blot (Fig. 1A) , both ML and FL display an increased expression of E-selectin ligands in comparison with NLs, with both cell populations prominently displaying the ∼65-kDa structure. Thus, G-CSF, whether physiologically generated or clinically administered, programs human myeloid cell expression of this E-selectin ligand.
Identification of the ∼65-kDa E-Selectin Ligand Expressed on Myeloid
Cells. To enrich for sialylated glycoproteins, lysates of MLs were passed over wheat germ agglutinin (WGA) lectin columns. The bound glycoprotein fraction was eluted, resolved by SDS/PAGE, and E-selectin ligands were detected by staining with E-Ig. As shown in parallel gel lanes normalized for input protein content, the WGA chromatography step preserved and concentrated E-selectin ligands present in ML lysates (Fig. 1B, lanes 1 and 2) . A series of gel bands were then excised from the 60-to 70-kDa region, trypsin digested, and subjected to peptide mass fingerprinting. Mass spectrometry coupled with bioinformatics analysis identified the ∼65-kDa protein as the heavy chain of MPO, a well-recognized lysosomal enzyme whose synthesis is known to be induced by G-CSF (1, 13, 14) . To further characterize the ∼65-kDa molecule, MPO was immunoprecipitated (IP) from ML lysates and resolved by SDS/PAGE under nonreducing or reducing conditions. Under nonreducing conditions, Western blotting with anti-MPO mAb (clone 2C7) revealed the mature molecule, a heme-containing glycoprotein of ∼140 kDa (Fig. 1C , lane 1), which consists of two catalytically active monomers of ∼70-90 kDa, each composed of a ∼55-to 65-kDa heavy chain and a ∼10-to 15-kDa light chain (15, 16) . Under reducing conditions, the same MPO antibody revealed the monomer at ∼90 kDa and the heavy chain at ∼65 kDa (Fig. 1C , lane 2), whereas another anti-MPO mAb (clone 3D3) stained only the heavy chain (Fig. 1C, lane 3) . Thus, the ∼65-kDa E-selectin ligand is the heavy chain component of a glycoform of mature MPO. + cell fractions of human NLs and MLs were analyzed by flow cytometry. Native granulocytes (NGs) and native monocytes (NMs) express minimal surface MPO, whereas mobilized granulocytes (MGs) and mobilized monocytes (MMs) display uniformly high levels of membrane MPO ( Fig. 2 A and B) ; lymphocytes and CD34 + cells do not express cell surface MPO. To determine whether in vivo G-CSF administration stimulates MPO surface expression in mouse myeloid cells, C57BL/6 or BALB/c mice were treated for 5 d with recombinant human G-CSF or with saline (control) and blood was collected for colony-forming unit (cfu) assays and for flow cytometry analysis. In mice treated with G-CSF but not in those treated with saline, cfu assays showed that hematopoietic progenitors were mobilized, and there was increase in circulating Sca-1 + /c-kit (Fig. S2A) . However, flow cytometry analysis using anti-MPO mAb indicated that, in contrast to results in humans, G-CSF-mobilized mouse leukocytes do not express cell surface MPO (Fig. S2B) .
Extensive cell washes under high salt conditions (1.5 M NaCl) did not alter ML surface MPO levels, nor did digestion of glycosylphosphatidylinositol (GPI) anchors with phosphatidylinositol-specific phospholipase C, indicating that MPO is a membrane-expressed protein. To confirm MPO surface expression in human myeloid cells, a complementary approach was undertaken whereby cell membrane proteins from freshly collected NLs and MLs were labeled with biotin. MPO immunoprecipitates from lysates of surface biotinylated cells were then resolved by electrophoresis and blotted with streptavidin-HRP. Western blots revealed biotinylated MPO prominently in MLs, whereas NLs showed only trace amounts on the cell surface (Fig. 2C) . To determine whether surface MPO is enzymatically active, ML membrane proteins labeled with biotin were captured with streptavidin-conjugated beads and incubated with peroxidase substrate. Spectrophotometric analysis revealed a linear correlation between MPO activity and input cell number (Fig. 2D) . Collectively, these results indicate that in vivo G-CSF treatment markedly up-regulates expression of catalytically active MPO on the surface of mobilized human myeloid cells.
G-CSF Induces Expression of Cell Surface MPO That Binds E-Selectin.
To examine the effects of in vivo G-CSF administration on MPO membrane expression and E-selectin binding activity, lysates of equivalent numbers of leukocytes from bone marrow aspirates (BMs), NLs and MLs were immunoprecipitated with anti-MPO mAb 1A1 and blotted with anti-MPO mAb 3D3, which recognizes the heavy chain (Fig. 3A) or with E-Ig (Fig. 3B) . As shown in Fig. 3 A and B, although there was little variation in MPO staining among the samples, MPO from MLs displayed markedly more E-Ig reactivity than that of BMs or NLs. This E-Ig-reactive MPO glycoform was recognized by HECA-452 in Western blots of immunoprecipitated MPO from different samples of MLs (Fig. S3) . Alternatively, surface biotinylated proteins were captured with strepavidin-coupled agarose beads and blotted with mAb HECA-452 or with anti-MPO mAb 3D3 (Fig. S4) . Two previously characterized E-selectin ligands, CLA at ∼130 kDa and HCELL at ∼90 kDa, were stained with HECA-452 in MLs and NLs, but HECA-452 staining at a ∼65-kDa band was only observed in ML lysates (Fig. S4A) ; this band was recognized by mAb 3D3 (Fig. S4B) . None of these molecules were detected in streptavidin pull-downs from lysates of cells that were not biotinylated (control). Thus, G-CSF induces membrane expression of MPO containing a heavy chain glycovariant that binds E-selectin (MPO-EL).
To assess whether induction of myeloid cell surface MPO expression by G-CSF in vivo is a primary effect of this cytokine, we examined the effect of G-CSF in vitro on MPO surface expression in BM, NL, and ML populations (Fig. S5) . The various cell types were then incubated for 48 h with human G-CSF at 10 ng/mL, a dose reflecting serum concentrations of G-CSF following in vivo administration (12, 17) . Changes in membrane expression of MPO were measured by cell surface staining with anti-MPO mAb. G-CSF treatment of NL and BM cells dramatically increased expression of surface MPO (Fig. 3C ), but had no significant effect on the already high levels in ML (Fig. 3C) . From these cells (equivalent cell number), MPO was immunoprecipitated, then resolved on SDS/PAGE, and blotted with anti-MPO mAb 3D3 (Fig. 3D) or blotted with E-Ig (Fig. 3E) . As shown in Fig. 3E , G-CSF markedly stimulated E-Ig reactivity of the MPO heavy chain in both BMs and NLs, without significant increase in MPO quantity (Fig. 3D) . Notably, in vitro exposure to G-CSF did not further increase E-Ig reactivity of MPO in MLs (Fig. 3E) . Altogether, these results show that G-CSF induces MPO-EL expression on human myeloid cells by inducing E-selectin binding determinants exclusively on the MPO heavy chain.
To determine whether MPO-EL is expressed on pathologic myeloid cells, we performed Western blot analysis of acute myeloid leukemia (AML) myeloblasts of various subtypes: one M1, one M2, and two M3 (i.e., acute promyelocytic leukemia, APL). Equal amounts of total protein from cell lysates were stained in Western blots with E-Ig and with anti-MPO mAb 3D3, and, as loading control, Grb2 expression level was monitored with antiGrb2 mAb (Fig. S6) . We observed high MPO signal intensity in Western blot in all AML samples, relatively more intense in M3 specimens. As shown by staining with E-selectin-Ig, all AML samples tested express the MPO-EL heavy chain at ∼65 kDa (Fig. S6A) . 
N-Glycan Processing Is Required for G-CSF-Induced Sialofucosylations
and MPO-EL Membrane Expression. To assess the molecular basis of G-CSF effects on MPO structural biology, we used metabolic inhibitors of glycosylation. Glycoproteins bearing high mannose N-glycans, such as those typically found on lysosomal MPO, require glycosidase remodeling to display sialofucosylated determinants on lactosamine scaffolds. This remodeling normally takes place in the ER and Golgi complex and is a prerequisite for cell surface expression of E-selectin ligands. To assess whether such glycan processing is needed for cell membrane expression of MPO, we used deoxymannojirimycin (DMJ), an α-mannosidase inhibitor that hinders remodeling of high mannose N-glycans into complex carbohydrates. To this end, BM cells were first treated with sialidase to eliminate existing E-selectin binding determinants or treated with buffer alone. Thereafter, cells were cultured with or without G-CSF in the presence or absence of DMJ to analyze de novo expression of HECA-452 determinants and of membrane MPO. After 48 h, in the absence of G-CSF and DMJ, sialidase-treated BM cells recovered expression of HECA-452-reactive glycans to a level approximating that of buffertreated cells (Fig. 4A) . Importantly, cells treated with sialidase followed by incubation with G-CSF showed increased expression of HECA-452 determinants compared with cells not treated with G-CSF (Fig. 4B) . However, addition of DMJ markedly diminished the G-CSF-induced expression of HECA-452-reactive glycans (Fig. 4 B and C) . These findings suggest that G-CSF stimulates de novo expression of HECA-452-reactive moieties predominantly on N-glycans. The residual HECA-452 determinants displayed in the presence of DMJ likely reflect the native contribution(s) of sialofucosylated O-linked glycans found on both glycoproteins and glycolipids (18, 19) .
Treatment of cells with sialidase did not induce MPO expression (Fig. 4D) nor did it alter the G-CSF-induced expression of membrane MPO (Fig. 4E) . However, G-CSF-induced MPO expression was significantly attenuated in the presence of DMJ, to levels equivalent to that of cells not treated with G-CSF (Fig. 4  E and F) . Collectively, these data show that surface expression of MPO-EL is dependent on G-CSF-induced remodeling of MPO N-glycans into complex sialofucosylated structures.
MPO-EL Is Catalytically Active and Mediates Myeloid Cell
Angiotoxicity. To evaluate the effect of G-CSF on cell surface MPO enzymatic activity, NLs were cultured in the presence or absence of G-CSF for 48 h. Cells were then surface biotinylated, lysed, and membrane proteins were captured with streptavidinagarose beads. The membrane proteins were incubated with peroxidase substrate and enzymatic activity was measured by spectrophotometric analysis of colorimetric product. This analysis showed that G-CSF stimulation increases surface presentation of MPO, which engenders enhanced peroxidase activity on cells treated with G-CSF in vitro (Fig. 5A) . However, this induction was inhibited by the addition of DMJ, demonstrating that N-glycan remodeling is required for the G-CSF-induced surface expression of catalytically active MPO-EL (Fig. 5A) .
When released into the extracellular milieu, the cytotoxic oxidants produced by MPO damage surrounding cells (20) . To evaluate whether the presence of membrane-expressed MPO-EL could directly trigger cytotoxicity on juxtaposed E-selectinexpressing endothelial cells, we incubated primary human umbilical vein endothelial cells (HUVECs) with TNF-α for 6 h to mimic inflammation conditions. Stimulated HUVECs were then cultured in absence of leukocytes (no L), or with addition of MLs or NLs, and endothelial cell viability was monitored by trypan blue exclusion. As shown in Fig. 5B , a basal level of endothelial cell death was observed after 48 h in the HUVEC cultures that were stimulated with TNF-α, and coincubation with NLs increased cell death above this baseline. However, angiotoxicity was significantly enhanced by incubation with MLs or with G-CSFtreated NLs (Fig. 5B) . Importantly, coincubation with DMJ significantly reduced G-CSF-induced angiotoxicity (Fig. 5B) .
Inhibition of E-Selectin Receptor/Ligand Interactions or MPO Activity
Prevents G-CSF-Induced Myeloid Cell Angiotoxicity. To determine the mediators of G-CSF-induced angiotoxicity, TNF-α-stimulated HUVECs were incubated with NLs, BMs, or MLs in the presence or absence of G-CSF. In all cultures, endothelial cell death was markedly increased by coincubation with MLs or G-CSF-treated NLs or BMs, compared with untreated NL or BM cells (Fig. 5C ). There was no significant increase in angiotoxicity with G-CSFtreated MLs compared with untreated MLs. Coincubation with an E-selectin function-blocking antibody reduced endothelial cell death in ML cultures and in NL or BM cultures treated with G-CSF (Fig. 5C) . Importantly, incubation with the inhibitor 4-aminobenzoic acid hydrazide (4-ABAH), a suicidal substrate for MPO (21) , most effectively decreased endothelial cell death in all cultures (Fig. 5C ).
Discussion
Under physiologic conditions, MPO synthesis occurs at the promyelocyte stage and stops as myeloid cells reach maturity. MPO biosynthesis follows a complex succession of processing steps that direct accumulation of this glycoprotein within intracellular azurophilic granules (22) . Although other studies have shown that G-CSF triggers increased expression of MPO (13), the results here present first evidence of a specific effect of G-CSF on MPO structural biology, highlighting the role of posttranslational glycosylations in conferring both cell surface expression and function as an adhesion molecule. We previously reported that G-CSF stimulates expression of glycosyltransferases within myeloid cells that direct synthesis of sialofucosylated glycans on various proteins (12) . Our present dataset shows that a major target for these glycosyltransferases is the heavy chain of the enzyme MPO. Studies using the metabolic inhibitor DMJ show that N-glycan processing of the MPO heavy chain within the Golgi is required for both G-CSF-induced decoration of MPO with sialofucosylated glycans and MPO membrane expression. Thus, G-CSF programs E-selectin binding activity and also promotes release of this host defense enzyme from constraint of lysosomal storage to presentation at the cell surface. Heretofore, a leukocyte surface molecule mediating both leukocyte trafficking and cytotoxicity has not been identified.
Engagement of vascular E-selectin with corresponding ligands on the surface of circulating leukocytes guarantees that the host defense arsenal is delivered to the correct inflammatory "address." On their way to membrane presentation, the canonical E-selectin ligands HCELL and CLA are decorated by Golgi enzymes with sialofucosylated glycans, which render E-selectin adhesive properties. Under G-CSF influence, MPO is similarly processed by the Golgi enzymes and gains E-selectin binding activity but, unlike the canonical E-selectin ligands, MPO-EL is a catalytically active enzyme that generates powerful reactive oxygen species. The finding here that MPO is presented on the leukocyte surface as a glycoform that can localize this cytocidal agent in direct contact with endothelial cells suggests the possibility that E-selectin-mediated MPO-EL binding and consequent production of oxidizing agents could serve to affix toxic metabolites to the endothelium, thereby heightening vascular injury within inflamed tissue(s). Moreover, MPO catalyzes oxidation of vascular nitric oxide (NO), resulting in consumption of NO (23, 24) and formation of highly reactive nitrite species that participate in deleterious protein tyrosine nitration (25) . Endogenous NO is a critical anti-inflammatory and antiatherogenic factor that inhibits endothelial activation (26) , supports vasodilatation, and prevents leukocyte adhesion (27) by suppressing expression of E-selectin. Thus, through its enzymatic role in reducing NO bioavailability, MPO sustains expression of E-selectin on endothelial cells that further supports binding of leukocytes bearing E-selectin ligands such as MPO-EL. This loop would serve to compound vascular injury. Our in vitro studies of myeloid cells coincubated with HUVECs indicate that G-CSFtreated myeloid cells are angiotoxic to E-selectin-expressing endothelial cells; this effect is ameliorated by interruption of E-selectin receptor/ligand interactions and by inhibition of MPO activity. Although further studies are necessary to directly assess the role(s) of MPO-EL in vasculopathy, these findings offer novel perspectives on the association between MPO expression and vascular injury: in vivo, MPO-EL could serve as a key effector of sickle cell crises (28) , myocardial infarction and coronary artery disease (29, 30) , atherosclerosis (31, 32) , and stroke (33) , conditions which have all been linked to MPO. Indeed, G-CSF administration can trigger angina and myocardial infarction (34, 35) . Importantly, life-threatening sickle cell crisis is induced by G-CSF administration in humans (36) and, notably, anti-E-selectin agents can ameliorate this process (37), suggesting a role for MPO-EL in this vasculopathy.
Our data showing increased MPO membrane expression in leukocytes isolated from G-CSF-mobilized human blood and from patients with febrile leukocytosis (leukomoid reactions), but not in leukocytes from G-CSF-mobilized mouse blood, highlight key species disparities that can limit parallels drawn regarding effects of G-CSF on vascular integrity in mouse and in man. It is known that MPO levels in mouse leukocytes are ∼10% that of humans (38) and it is also well recognized that humans and mice differ critically in the types of glycoproteins that serve as E-selectin ligands (8, 39) . Collectively, these differences may account for the fact that, in contrast to the well-recognized lifethreatening complications associated with G-CSF administration in humans with sickle cell disease (36), mice bearing human hemoglobin S ("sickle cell" mice) tolerate G-CSF administration without any adverse effects (40) .
Apart from providing new insights regarding the molecular basis of complications associated with pharmacologic administration of G-CSF, the finding that MPO-EL expression is characteristic of circulating myeloid cells in leukemoid reactions offers novel perspectives on the role(s) of MPO in vascular injury associated with various sepsis and other systemic inflammatory reactions. Notably, G-CSF administration induces flares in patients with vasculitis (41, 42) and can induce cutaneous leukocytoclastic vasculitis in otherwise healthy donors for hematopoietic stem cell transplantation (43) , raising the possibility that MPO-EL may be etiologic in such exacerbations. In fact, leukocyte surface MPO expression is known to be associated with development of systemic vasculitides such as Wegener's granulomatosis and Churg-Strauss syndrome (44) (45) (46) , and although our understanding of MPO surface presentation is incomplete, it is well known that membrane MPO serves as an antigenic target for antineutrophil cytoplasmic autoantibodies (ANCAs).
The identification of MPO-EL serves as a prime example of the capacity of posttranslational glycan modifications to engender distinct biology on target molecules. The data presented here provide new insights on the biology of G-CSF and also unveil previously unrecognized biologic pleiotropism of MPO and of E-selectin ligands. Specifically, G-CSF induces both structural and topological changes in MPO expression, placing this wellrecognized "lysosomal" effector of cytotoxicity onto the leukocyte surface in a form that is primed to engage endothelial beds expressing E-selectin. Among leukocyte adhesion molecules, MPO-EL stands out in its capacity to serve the dual function of mediating both leukocyte trafficking and elaboration of cytotoxic products. These findings focus new attention on the multipurpose role(s) of E-selectin ligands in vascular pathology and 
